Introduction
Temporal lobe epilepsy, the most common cause of intractable epilepsy in adults can be successfully cured by surgery. 1 In the current state, seizure free success rates in temporal lobe epilepsy surgery vary between 52 and 84%. 2 Most studies are cross sectional and based on short follow-up period. 3 The percentage of seizure free patients continues to decrease years after the surgery. [3] [4] [5] The aim of our study was to analyze long-term seizure outcome after anterior temporal lobectomy (ATL) based upon our own data, and to evaluate Seizure (2006) We evaluated data regarding epilepsy, presurgical evaluation, pre-and postoperative EEG, structural imaging, histology and operative complications. The mean follow-up was 6.1 years (range: 2-17 years). The outcome was measured as Engel class, the time to the first seizure and the longest seizure free period. Multiple regression analysis was used to assess predictors. Seizure free outcome was achieved in 72% of the patients 1-year after surgery. Eighty-seven percent of them remained seizure free at the second year of follow-up, 74% at the fifth, and 67% at the tenth year of follow-up. After 2 years of follow-up improvement was present in 3%, worsening in 18% of the patients. Factors associated with long-term worsening were: postoperative ipsilateral EEG spikes over the resected side, preoperative bilateral interictal discharges, cortical dysplasia of Taylor's type, and ictal contralateral propagation. In these patients, even in seizure free state, therapy reduction might be inappropriate. # 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved. possible risk factors for late worsening of seizure control.
Methods

Subjects
The data of 94 consecutive patients from the Epilepsy Center of the National Institute of Psychiatry and Neurology, Budapest, aged 15-60 years, who had ATL between 1985 and 2001, have been analyzed. Inclusion criteria were at least 2 years follow-up and presence of complete medical documentation.
Preoperative evaluation
Data were obtained from four sources: from reviewing the medical records, from data recorded at the time of presentation to the multidisciplinary epilepsy surgery group, data recorded in the report of the neurosurgeon, and additionally, at the time of postoperative work-up, through interview (performed by AK) with each patient and family members.
Clinical data from the history were collected retrospectively. Seizure classification followed ILAE classification guidelines and was assessed by video EEG seizure observation. All patients completed a standardized presurgical evaluation, including neurological and psychiatric examination, long-term video EEG, neuropsychology and high resolution MRI according to the epilepsy protocol after 1993 (described later).
Interictal EEG (IIEEG) was assessed from video EEG monitoring recordings. IIEEG was considered unilateral, when more than 80% of the interictal discharges came from one side.
Ictal video EEG (IEEG) recordings were performed with scalp electrodes. Each patient was evaluated using full set of scalp electrodes of 10/20 system amended with low temporal chain of electrodes. When ictal EEG was insufficient for seizure onset lateralization/localization, foramen ovale electrodes were used (n = 13). Causes of unsatisfactory seizure localization/lateralization were: (1) bilateral EEG seizure onset; (2) ictal onset seemed to be too diffuse; and (3) ictal onset was obscured by artifacts. We analyzed ictal onset and the propagation time to the contralateral side on scalp recordings (fast = less than 5 s). Between 1984 and 1993 preoperative MR images were performed with various systems using various sequences. From 1993 all the surgery candidates were systematically scanned with a 1.5 Tesla Magnetom (Siemens, Erlangen, Germany). High resolution MR images were performed according to a standardized protocol: Sagital T1, axial T2 weighted and coronal T1 and T2 and proton density/FLAIR images were obtained perpendicular to the long axis of the hippocampus. Slice thickness was 4 mm, inerslice gap 0-1 mm. MP-RAGE 3D sequence with thin slices in three directions was reconstructed in most patients. 6 The diagnosis of HS was made when temporal lobe seizures were associated with one or more of the following criteria: increased hippocampal T2 weighted signal intensity or increased signal intensity on PD/FLAIR sequences, blurred internal structure, hippocampal volume loss determined by visual inspection and/or temporal horn dilatation. Standardized subtotal temporal resections were performed. In every case the amygdala and the hippocampus (head and anterior body) were included into the resection. Postoperative morbidity was assessed at follow-up visits regarding motor functions, visual field defect, language and memory deficit.
Histology specimens were classified as hippocampal sclerosis, cortical dysplasias (Taylor's and other types), tumors (with type and grade) and encephaloclastic lesions. Dual pathology was defined as HS (proven by MRI and/or histology) coexisting with other type of abnormality (MRI and/or histology).
Postoperative follow-up
Patients were followed up yearly. Postoperative outcome was assessed according to Engel classification. Patients were selected in whom Engel class (E1-4) changed from one follow-up visit to the other after 2 years. Patients with change towards higher E class were considered to worsen. Postoperative MRI according to the same epilepsy protocol and 24 h long-term portable 12 channel EEG were performed at the first anniversary of the surgery. Postoperative spiking and its lateralization were assessed visually. Postoperative neuro-ophtalmological, neuropsychological testing and psychiatric examination were performed in all patients.
Statistics
The data were stored and analyzed using Statistica Windows's Stat Soft Inc. USA software. Survival analysis using Kaplan-Meier curves was used to take into account different lengths of follow-up. Two variables were examined: the time to the first postoperative seizure (other than acute postoperative seizure--within 1 month after surgery), and the longest seizure free period during follow-up. The predictive value of different preoperative clinical factors with respect to medical outcome was assessed using multiple regression analysis. Probability ( p) values of less than 0.05 and 0.01 were considered statistically significant.
Results
Ninty-four patients were operated on because of temporal lobe epilepsy (TLE) at the age range of 15-60 years (mean age 33.5 years) and were followed up from 2 to 17 years (mean 6.1 years). The mean age at onset of the epilepsy in this group was 16 years (range 1-46 years), and the mean duration of the epilepsy at the time of surgery was 17.4 years (range 0.5-54 years). Fifty-nine patients had left TLE and 35 right TLE. The group of patients with HS only (n = 46) comprised of 28 left-sided and 18 rightsided patients. Perioperative complications were inflammation in 8% and ischaemic complications in 3%. From permanent postoperative sequels 90% were clinically asymptomatic homonymous upper quadrantanopia, which occurred in 29% of cases. There was no perioperative mortality. Two patients died during the follow-up, 1 patient committed suicide (E 2 outcome) and in 1 patient the cause of death was unknown (E 3 outcome). At the last visit regardless of the length of follow-up, the outcome results were the following (Engel 1 class (underlined). Engel 1-2 class respectively): 56%, 79% in the whole group; and 61%, 87% in the group with HS only. Fig. 1 shows the outcome by Engel classes in 10 years of follow-up. After one-year of follow-up overall 72% of patients had Engel 1 outcome and 81% of patients achieved Engel 1-2 outcome. For the second and fifth year, Engel 1 and Engel 1-2. outcome results were: 66%, 80%, and 59%, 82%, respectively. From all the patients who were seizure free at the 1-year follow-up, 87% remained seizure free at the second year of followup, 74% at the fifth, and 67% at the tenth year of follow-up. Seizure free outcome was less stable in the group with HS only, than in the rest of the patients.
Outcome as survival analysis and the Kaplan-Meier curves
Survival analysis was used to assess outcome measured as the time to the first seizure and the longest seizure free period. Fig. 2 shows Kaplan-Meier curve for the time to first seizure. Thirty percent of the patients had their first postoperative seizure within a year after surgery (steep part of the curve), followed by gradual flattening of the curve representing the decreasing percentage of patients who had their first postoperative seizure later; up to 105 months after surgery. Fig. 3 shows Kaplan-Meier curve for the longest seizure free period. The seizure free period can be short (less than few months) in approximately 20% of the patients who started having seizures more or less regularly early from that time. However, there are also a considerable number of patients who have long seizure free periods even after having seizure recurrence. Some patients had postoperative seizures, but possibly regained seizure freedom stability later on (the running down phesnomenon). There were no statistically significant differences in the time to first seizure and in the longest seizure free time between TLE patient with HS only and other etiologies.
Patients that worsened during follow-up
The Kaplan-Meier curves showed that the longterm outcome of TLE patients was not particularly stable. We identified patients whose outcome (Engel class) changed on consecutive yearly follow-up visits. Fifty patients (53.2%) showed stable good outcome, 17 patients (18.1%) worsened, 24 patients (25.6%) had stable poor outcome, and 3 patients (3.2%) showed the running down phenomenon. Regarding the degree of worsening 88.9% of the patients who worsened had late seizure recurrence (the degree of the change was from E1 to E2). Only two patients worsened into the Engel 3-4 classes, one patient from E1, one from E2. Most patients worsened within the first 6 postoperative years, but few patients worsened even later.
The running down phenomenon occurred exclusively in the HS only group, but the small number of patients does not allow to make conclusions. In the worsening group, there were relatively more patients with dysgenetic lesion or were nonlesional. Probably the later patients had, by the currently available technique, invisible cortical dysgenesis as well. Table 1 shows long tern outcome in relation to etiology. In order to establish eventual risk factors for late worsening we performed multiple regression analysis. The dependent variables were patients without seizure recurrence and 52
A. Kelemen et al. worsening patients. 
Discussion
We analyzed the late changes of seizure control in a cohort of surgically treated TLE patients. Our outcome results at the last follow-up (E 1: 56%) and at the 1, 2, and 5 year follow-ups (E1: 72, 66, and 59%) are comparable with the mean seizure freedom calculated upon meta analysis performed by Mclntosh et al., 7 and are similar to the results of others. 8, 9 Compared to the patients of Hennessy et al., a higher percentage of our TLE patients changed Engel category 1-4 during long-term follow-up, (18% worsened and 3.3% improved). 10 However, it is important to note, that only two of our patients changed to the Engel 3-4 category (poor) during late follow-up. In all the others only few seizures occurred during years of follow-up. Most of the 3-4 category patients showed that poor result from the first year after surgery.
The percentage of our patients presenting the running down phenomenon is comparable to Wieser's patients after selective amygdalohippocampectomy, where it would be expected to be higher than in lobectomized patients. 11 The hypothetical explanation of the phenomenon is in the ''de-kindling''--an opposite process to secondary epileptogenesis, where the induced synaptic dysfunction gradually declines in the surrounding epileptogenic cortex after pace-maker resection. The gradually improving neuropsycholocial functioning, as well as the improving functional imaging results support this hypothesis. This gradual improvement supports the clinical practice of continuing antiepileptic therapy after surgery for few years. In fact, only 18% of our patients were free of medication on the latest follow-up, what is less compared to most other centers. Schiller reported series of patients where 5 years after surgery antiepileptics were discontinued in 40% of the patients. 12 In many cases, the seizure recurrence was associated with discontinuation of medication. However, the therapy in most of our patients was reduced to monotherapy. Previous results showed that seizure outcome after 1 year predict subsequent outcomes. This criterion-related statement is valid for our sample also, if Engel class 1 and 2 are considered to be the good outcome. But, if we look at the stability of Engel 1 class (as the desirable outcome from medical and psychosocial point of view), 18% of patients worsened (changed Engel category towards higher).
Thus, the follow-up results after 1 or 2 years do not seem to justify the long-term outcome prediction in a portion of TLE patients, at least not using the strict criterion of being free from seizures. However, the great majority of patients with late relapses remain significantly improved compared to their preoperative state.
In our patients the recurrence of seizures is somewhat greater than was found by most of similar studies. Jutila found only 5% relapses after the first year of follow-up on a sample of 140 patients, with a length of follow-up comparable to ours. 13 Mclntosh et al. found 74% probability of retaining seizure freedom in 10 years, if the first 2 postoperative years passed without relapse. 3 Our late seizure recurrence rate was similar to the 15% recurrence rate in neocortical temporal surgery cases.
14 Contrary to Mclntosh we found few factors associated with worsening, which were: presence of EEG spikes over the resected side postoperatively, presence of bilateral interictal discharges preoperatively, presence of cortical dysplasia of Taylor's type, cortical dysgenesis on MRI and presence of ictal contralateral propagation. Unlike in Fickers' study, older age at the time of temporal lobectomy was not associated with greater risk of worsening in seizure control in our study. 15 Bilateral interictal discharges preoperatively were more frequent in the small group of patients that worsened during long-term follow-up. Bilateral independent anterior temporal spikes are present in many TLE patients and, in fact, during the course of the epilepsy, there is a greater likelihood of their appearance in sleep, and later, in awake state. Some authors concluded, that their presence is associated with unfavorable outcome. [16] [17] [18] Most of these studies examined short-term (1 year) outcome. According to Holemes's opinion, bilateral interictal spikes were not prognostic for either good or for poor outcome. 19 In one of our previous studies, preoperative independent bilateral interictal spikes predicted poor outcome only when associated with the persistence of postoperative, to the side of surgery contralateral spikes, especially in patients without unilateral pathology. 20 It is not clear, whether contralateral spiking is related to secondary,'' mirror'' epileptogenesis of Morell (which has been proved only in animals jet). 21 On the other hand according to Janszky contralateral interictal spiking is the consequence of ictal spread and is not an independent sign of epileptogenicity. 22 Cortical dysplasia of Taylor's type was rare in the TLE (4%) compared to the non-Taylor's type, but came up as a predictor for worsening. Non-Taylor's type was a risk factor for early poor prognosis similarly to other series. 23 We would like to stress the importance of the postoperative sleep EEG in seizure recurrence prediction in all surgically treated patients. We usually perform long-term EEG at the 1 year follow-up visit, but data from Patrick et al. showed its predictive value 3 months after surgery. 24 Abnormal postoperative EEG draws attention also to patients, who might worsen long-term. According to our results, if postoperative IIEEG remains ipsilaterally epileptiform after the surgery, it runs the risk of late seizure recurrence (bilateral or contralateral postoperative spiking was associated with early unfavorable outcome). There are also evidences that in patients with poor outcome, 70% of postoperative seizures originate from the side of surgery. 10 Therefore, in patients, with postoperative, to the side of surgery ipsilateral spiking, the discontinuation of medication should probably be postponed or avoided.
Limitations of the study were the small sample size, which increases the risk of type II errors and the retrospective nature of the study, which was partly overcame by personal interviewing each patient preventing from misclassification and misinterpretation of the data. The patients were followed up different length. This was partly overcome by using the survival analysis method.
Conclusions
1. Engel class 1 outcome was achieved in 72% of TLE patients after 1 year of follow-up and does not differ between TLE with HS only and other etiologies. 2. Long-term outcome in TLE surgery is moderately stable. A quarter of the patients changed Engel outcome class during long-term follow-up. Improvement was present in 3.2%, worsening in 18% of the patients. 3. In TLE, when the following factors are present worsening should be considered long-term: presence of ipsilateral EEG spikes to the resected side postoperatively, presence of bilateral interictal discharges preoperatively, presence of cortical dysplasia of Taylor's type on histology, and presence of ictal contralateral propagation. In patients with these features therapy reduction might be inappropriate.
